Albert Einhorn published a study of the cocaine molecule and synthesized various other anaesthetic substances. He established that all esters of aromatic acids produced a greater or lesser degree of local anaesthesia. He concentrated on removing the irritating effect of available anaesthetic agents and his research culminated in the synthesis of p-amino-benzoyl-diethyl-amino-ethanol which was marketed by the Bayer firm as Novocaine. Novocaine was introduced into clinical practice by Professor Heinrich Braun in 1905 , one year after stovaine. It was subsequently marketed in the U.S.A. as procaine and elsewhere as neocaine, planocaine, kerocaine and ethocaine.
Novocaine had low toxicity and was less irritating to the tissues than other anaesthetic agents. It was soluble in water, stable enough to allow boiling and could be combined with adrenaline. For these reasons it soon became the preferred anaesthetic agent. In the early 1920s, Piquand, a student of Reclus in France, wrote Novocaine at present seems to be the local anaesthetic of choice. Its slight toxicity permits the injection of large doses without danger, and the carrying out of complicated operations which were performed with difficulty or not at all with cocaine. ... The only disadvantage of novocaine as an anaesthetic is its short duration, which, however, can be rectified by the addition of small amounts of adrenalin, causing the anaesthesia to become more pronounced and of longer duration without adding to the toxicity of the drug. Other substances were added to Novocaine. Laewen concluded that the addition of bicarbonate prolonged the anaesthesia but this research was not supported by Braun. Others added phosphates and borates which produced strong anaesthesia but significant tissue damage. Potassium chloride 0.4% was found to be a safe additive which did prolong the anaesthesia and appeared to cause no harm. Generally, 0.5 to 2% solutions of Novocaine were used and, although the toxicity was extensively studied, Braun concluded that It is impossible to state the maximum dose of novocaine any more that we were able to state the maximum dose of cocaine, eucaine and other similar agents. The toxicity of this drug as with many others depends more upon the concentration of the solution and the method of its use than on the dose. Braun reports the use of very large doses of Novocaine (up to 250 ml of 0.5% solution) with no ill effects. He documented several cases where there were severe side-effects but noted that these were probably not due to local anaesthetic toxicity.
Two girls, aged twelve and twenty two years respectively, developed very threatening symptoms soon after injecting down to the transverse processes of the cervical vertebrae. After artificial respiration and the injection of heart stimulants, the symptoms subsided in the course of fifteen to thirty minutes.
He concludes
In part they may have been due to intravenous injection, the vertebral blood vessels having been injured; in part they may have been due to forcing the fluid into the spinal canal. It would appear that local anaesthesia was developing so rapidly that it was hard to separate the complications of new local anaesthetic agents from those of new techniques.
The safety of novocaine did increase the scope of local anaesthesia. In 1908, August Bier described intravenous procaine analgesia. He used an Esmarch bandage for exsanguination and his technique was certainly more complicated than the current technique for a "Bier's block". His first case was a resection of an elbow joint in a young girl and, after exsanguination, he placed tourniquets above and below the elbow and dissected the medial cubital vein under infiltration anaesthesia. He sutured a cannula into the vein and injected 100 ml of 0.25% Novocaine. The operation proceeded successfully and the girl felt pain only during periostial elevation. He reported many other cases in detail but within a year the technique was largely forgotten and not revived again until 1946.
Spinal anaesthesia was gaining popularity prior to the introduction of novocaine, but its use became widespread after the work by George Pitkin. Pitkin devised a novocaine solution, named spinocaine, which was hypobaric due to the addition of alcohol and strychnine sulphate. He developed a "tiltometer", a device which indicated the degree of inclination of the operating table away from the horizontal. Using this and his hypobaric solution he was able to claim greater predictability and safety for spinal anaesthesia. He was a great communicator and dissipated his ideas widely. Spinal anaesthesia became immensely popular overnight and was practised with great enthusiasm towards the end of the 1920s. Unfortunately such rapid change led inevitably to poor technique and complications in some hands, and some operators abandoned spinal anaesthesia just as rapidly. The technique survived this brief storm and in 1939, Maxson declared that
Having passed the mountain peak of over-enthusiasm (in 1929 and 1930) , it seems now to have won its way to the high plateau of intelligent and rational utilization of its benefits to patients and surgeon. Despite its pharmacological safety, novocaine did present some safety problems, largely due to the similarity between the names procaine and cocaine. There were a number of deaths reported in the United States due to the confusion created by verbal orders for procaine being misinterpreted as cocaine. In Sydney a disaster occurred in 1936 when a 24-year-old man was scheduled for a septoplasty. The surgeon intended to inject procaine with adrenaline but was mistakenly handed cocaine by the nurse. The patient died within minutes of injection. A similar fatal incident happened during a tonsillectomy in New Zealand in 1930. In the United States it was advised that the more dangerous solution be coloured, but in Australia a less uniform, more confusing system developed and different substances were often given different colours. In 1946 another fatality in Western Australia saw a surgeon tried for manslaughter. The coroner sensibly suggested that he should have checked the label on the bottle. The surgeon was acquitted but not before the court had condemned the "lackadaisical manner in which drugs and other dangerous matters are handled by the profession".
